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Alexandria, VA 22313-1450 

SIR: 

We, the undersigned inventors of the above- identified 
application, hereby declare that: 

1. The primary reference in the 35 USC 103 rejection in the 
July 18, 2007 Office Action is US ' 2003/0063376 . US 2003/0063376 
has a U.S. filing date of September 23, 2002 and a U.S. 
publication date of April 3, 2003. The corresponding Japanese 
publication is JP 2003-107361, which was published on April 9, 
2003. 

The above- identified patent application has a U.S. filing 
date of March 26, 2004 and a priority date of April 4, 2003. 



Since US 2003/0063376 was not published more than one year 
before the U.S. filing date of the above- identified patent 
application, US 2003/0063376 is not a reference against the 
above-identified patent application under 35 USC 102 (b) . 

US 2003/0063376 could qualify as a reference against the 
above-identified patent application under 35 USC 102(a). 

2. This DECLARATION is being filed to provide evidence of 
the completion of the invention of the above- identified patent 
application in order to remove US 2003/0063376 as a reference. 

3. Prior to April 3, 2 003, the invention of the above- 
identified patent application was conceived and reduced to 
practice in Japan, a WTO country, as evidenced by the document 
submitted herewith and as explained below. 

4. Attached to this DECLARATION is a facsimile letter and 
an enclosure (entitled "Written Proposal of Invention") from 

Mr. Makoto Shigehara of OLYMPUS CORPORATION, the assignee of the 
above-identified patent application, to Mr. Ihara of SUZUYE & 
SUZUYE, a patent law firm in Japan. The "Written Proposal of 
Invention" is a disclosure of our invention and fully supports 
the claims of the above-identified patent application. Also 
attached to this DECLARATION are an English-language translation 
of Mr. Shigehara' s facsimile letter and an English- language 
translation of the "Written Proposal of Invention", pp. 1 to 25. 

5. Further attached to this DECLARATION is a paper entitled 
''Support for Claims in English Language Written Proposal of 
Invention and in the Drawings in the Japanese Language Written 
Proposal of Invention," which describes where in the enclosed 
documents the features in applicants' claims are supported. 



6. From the attached documents, it can be seen that the 
invention of the above- identified patent application was 
completed at least prior to April 3, 2003. 

7. Each of the dates deleted from the attached documents is 
prior to April 3, 2003. 

We hereby declare that all statements made herein of our own 
knowledge are true, and that all statements made on information 
and belief are believed to be true; and further, that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001, of Title 18 of the 
United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon . 
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Facsimile Letter 



Date: [Redacted] 

Number of pages including cover page: 11 
To: Mr. Ihara, SUZUYE & SUZUYE, Division 3 

FAX No. (03) 3512-6771 
From: Makoto Shigehara, Olympus Corporation, Medical Business 
Division, 2951, Ishikawa-cho, Hachioji-shi, Tokyo, 192 

FAX: 0426-42-2114 TEL: 42-2334 

Subject: case of sending written proposal of urgent application 

(35B109) 

Dear Sirs, 

I am glad to hear that things are going well for you. 
I am sending a written proposal of a matter requested by 
you by phone yesterday. 

I send a new written proposal because there is an addition 
thereto. If you can understand contents (invention from 
special inspection of microscope) with this written proposal, 
you may form a specification draft without discussion. 
I hope for application completion at [Redacted] 
Your cooperation is greatly appreciated. 

Yours sincerely 



uCi 1 8 * 00 J Written Proposal of Invention 

1 * Title ° f the Invent ion (temporary) 
ILLUMINATION DEVICE FOR MICROSCOPE 

2. Claim draft (Novel features include the following) 
1) A microscope comprising: 
an objective; 

a field stop projection lens; 

a DMD (Digital Micromirror Device) element placed 
perpendicularly to a specimen conjugation position and an 
optical axis formed with the objective; 

a reflection member placed in at least one of the front 
and the rear on the optical axis of the DMD; 

a shutter placed in rays of an illumination light path 
and shielding the rays of the illumination light path; and 
a controller to control the DMD element and the shutter. 
2) A microscope comprising: 
an objective; 

a field stop projection lens; 

a DMD (Digital Micromirror Device) element placed 
perpendicularly to a specimen conjugation position and an 
optical axis formed with the objective; 

a reflection member placed in at least one of the front 
and the rear on the optical axis of the DMD; 
an LED. light, source; and 

a controller to control the DMD element and the LED light 
source. 

3) A microscope comprising: 
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an objective; 

a field stop projection lens; 

a DMD element placed perpendicularly to a specimen 
conjugation position and an optical axis formed with the 
objective; 

reflection members at least each one of which is placed 
in the rear of the two optical axes corresponding to ON/OFF of 
the DMD; 

shutters placed on the two optical axes, for. shielding 
rays of an illumination light path; and 

a controller to control the DMD element and the shutters . 

4) The microscope according to claim 1 or 3, wherein 
control tc open the shutter after control of the DMD element 
is performed simultaneously with the illumination. 

5) The microscope according to claim 2, wherein control 
to light the LED after control of the DMD element is performed 
simultaneously with the illumination. 

3- Field of the Invention, Prior Art 
(Our company's technique) 

1. Japanese Patent Application No. 2001-304123 
(Other, company's technique) 

1. Jpn. Pat. Appln. KOKAI Publication No. 7-134250 
(NIKON) 

2. Jpn. Pat. Appln. KOKAI Publication No. 2 000-5024 72 
(LEICA) 

The present invention relates to a microscope, and 
particularly to an illumination device for a fluorescent 
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microscope . 

As shown in the Japanese Patent Application No. 2001- 
304123, there has been proposed an illuminating device for a 

microscope with Koehler's illumination, in which the DMD 
(Digital Micromirror Device) element is arranged at a specimen 

conjugation position. 

4. Problem to be Solved by the Invention (Object of the 
Invention) 

Generally, a protection glass is necessary for the DMD 
element to protect micromirrors because of its structure, and 
the protection glass is arranged adjacent to the micromirrors. 
Further, there exist gaps between the micromirrors although the 
gaps are minute. • 

Then, when the rays of illumination light are made 
incident to the DMD element, rays of reflected light from these 
protection glasses or the gaps of the micromirrors exist as rays 
of stray light without depending on control of the micromirrors, 
although the rays of stray light are very weak. 

When using it as an illumination optical system in this 
condition, for instance, in the case where the rays of 
illumination light are intended to illuminate only part of a 
specimen by control of the micromirrors, the rays of 
illumination light (the rays of stray light ) are also irradiated 
to outside a specified area -although the rays of illumination 
light (the rays of stray light) are slightly irradiated. 

In the case where an object of area designation is not 
to illuminate additional light to the specimen other than the 
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specified portion for the purpose of specimen protection, 
effect of the specimen protection is impaired because the slight 
rays of illumination light are irradiated to the entire 
specimen. 

Further, in the case where an object of area designation 
is partial discoloration of a fluorescent label by FRAP and the 
like, since the rays of illumination light for discoloration 
are always irradiated by the rays of stray light to the entire 
specimen, discoloration frequently occurs in the entire 
specimen, particularly when illumination . time is long. 
Therefore, there is a possibility that contrast degrades, in 
such a case where diffusion is observed while performing 
fluorescent observation with respect to the entire specimen 
after actual discoloration control. 

5. Means for Solving the Problem and Function 
The present invention is provided with a shutter opened 
and closed in conjunction with control of the DMD element in 
an illumination light path, so that the rays of illumination 
light are not irradiated to a specimen other than time for 
control of the DMD element by opening and closing the shutter 
in accordance with the control of the DMD element f rom . the 
computer . 

Further, the rays of illumination light are not 
irradiated to the specimen other than time for control of the 
DMD element by turning the LED light source ON/OFF in 
conjunction with control of the DMD element. 

6. Embodiments of the Invention 
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(First Embodiment) 

FIG. 1 is a view showing a first embodiment of the present 
invention, and shows a schematic optical view of a microscope 
optical system. 

Reference numeral 1 denotes a light source such as a 
mercury lamp. 2 denotes a collimator. 3 denotes a reflection 
mirror. 4 denotes a .DMD (Digital Micromirror Device) element. 
5 denotes a field stop projection lens. 6 denotes an excitation 
filter selectively transmitting rays of illumination light from 
the light source. 7 denotes a dichroic mirror. 8 denotes an 
objective. 9 denotes a fluorescent specimen. 10 denotes an 
absorption filter selectively transmitting fluorescence from 
the specimen 9 . 11 denotes an imaging lens 12 denotes a prism. 
13 denotes an eyepiece lens. 14 denotes an observation optical 
axis composed of the objective 8, and 15 denotes an illumination 
optical axis formed in such a way that the observation optical 
axis is reflected by the dichroic mirror 7. 16 denotes a high 
speed shutter capable of shielding the rays of illumination 
light. 16' denotes another arrangement example of the high 
speed shutter 16. 17 denotes a camera for obtaining an 
observation image. 18 denotes. a computer for controlling image 
processing, the DMD element and control of the shutter. 19 
denotes a monitor connected to the computer. 20 denotes a drive 
controller for performing driving control of the DMD element 
and the shutter under the control of the computer 18. " 

The DMD element 4 is arranged so as to be perpendicular 
to the illumination optical axis 15, so that rays of light are 
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made to be projected perpendicularly to the observation optical 
axis 14 . Further, the DMD element 4 is composed of microiairrors 
4a, 4b, (only two elements are illustrated. Practically, 

the micromirrors have arrangement of, for instance, 1024 x 7 68 
pieces), and the micromirrors can be inclined individually in 
a stable fixed state at a predetermined inclination angle ± a 
to each perpendicular line. The inclination angle a depends 
on the DMD used, which is, for instance, a = 10°. Further, each 
micromirror has a predetermined area depending on the DMD, and, 
for instance, a square of 20 pm or less. Each micromirror can 
be switched between fixed states with response speed of 10 p. 
sec order. The fixed state is called "ON" state in which rays 
of light from the light source 1 are led in the direction of 
the illumination optical axis 15, and on the other hand, the 
fixed state is also called "OFF" state in which rays of light 
from the light source 1 are led in the direction of the other 
optical axis 21. 

A focal position of the projection lens 5 is arranged so 
as to come to a pupil position of the objective 8 and a position 
on the surface of the DMD element 4 . 

An operation of the device constituted as above will be 
described below. 

The rays of light emitted from the light source 1 and 
converged by the collimator 2 are reflected by the reflection 
mirror 3 to be led to the DMD 4, when the shutter 16 opens. In 
portions (for instance, 4a) where the micromirrors on the DMD 
4 are ON, the rays of light are reflected in the direction of 



the illumination optical axis 15 to be led to the projection 
lens 5. In portions (for instance, 4b) where the microniirrors 
on the DMD 4 are - OFF, the rays of light are reflected in the 
direction of a retreating optical axis 21 to be not used as 
illumination. The rays of light led by the projection lens 5 
are selected so as to be the rays of light suitable for excitation 
of a fluorescent material of the specimen 9 by the excitation 
filter 6, reflected by the dichroic mirror 7, and irradiated 
to the specimen 9 by the objective 8 . Fluorescence emitted from 
the specimen 9 is converged by the objective 8, and passes 
through the dichroic mirror 7. The fluorescence having 
transmitted through the dichroic mirror 7 is selectively 
transmitted by the absorption filter 10. The fluorescence 
having transmitted through the absorption filter 10 is 
image-formed by the image formation lens 11, deflected by the 
prism 12, and observed by the eyepiece 13. Here, images of the 
respective micromirrors of the DMD element 4 are formed on a 
focus plane of the specimen 9 by the field stop projection lens 
5 and the objective 8. Images of the micromirrors 4a are 
brightly projected since the reflected lights are led to the 
surface of the specimen 9. On the other hand, images of the 
micromirrors 4b are very darkly projected since the reflected 
light is not led to the surface of the specimen 9. That is, 
the images of the respective micromirrors of the DMD element 
4 are projected onto the specimen 9 as bright and dark in 
accordance with the state of "ON" and "OFF". Therefore, only 
parts corresponding to bright are illuminated. In this manner, 
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partial illumination is enabled based on the "ON" and "OFF" 
control of the respective micromirrors of the DMD. 

For instance, FIG. 2B is a view showing control state of 
the DMD element 4, in which only the micromirrors corresponding 
to an area 31 specified on a screen of the monitor 19 as shown 
in FIG. 2A become "ON" state. FIG. 2C shows a state that FIG. 
2C is projected on a specimen surface, the area 33 corresponds 
to the area 32 on the DMD element 4, and only part of the area 
33 comes to be illuminated brightly to an observation visual 
field 34. Further, it is possible to illuminate the areas 33a, 
33b and 33c independently of each other and it is possible to 
sequentially illuminate the areas 33a, 33b and 33c with high 
speed switching by controlling the DMD. Three portions of areas 
have been exemplified. However, if control is possible with 
the micromirror on the DMD element 4 as a minimum unit, there 
is no limitation in the number of areas, and its size or shape 
can be changed arbitrarily. 

However, here, there exist the protection glass 22 and . 
the gaps 23 of the micromirrors in the DMD element 4. Rays of 
reflected light 24, though these are weak, reflect from the 
protection glass 22 or the gaps 23. An axis of the rays . of 
reflected light 24 does not coincide with the illumination 
optical axis 15, but forms a smaller angle with respect to the 
illumination optical axis than the retreating optical axis 21. 
Thus, in some cases, rays of reflected light reflected near the 
illumination optical axis 15 may possibly become rays of stray 
light and be led to the field stop projection lens 5, thereby 
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the rays of reflected light are led to an unintended position 
of the specimen 9. For instance, as described above, even in 
the case where the micromirxors of the area 31 are made to turn 
"ON" and . only the area 33 is intended to be illuminated, the 
rays of reflected light from the protection glass 22 or the gaps 
23 illuminate part other than the area 33 of the observation 
visual field 32. 

The rays of reflected light from the protection glass 22 
or the gaps 23 are much weaker than the rays of proper reflected 
light at the time "ON" of the micromirrors and do not lead to 
a problem in many cases. However, when an intensity of rays 
of illumination light is high or when an illumination time of 
illumination light is long, influence on the specimen must be 
taken into consideration. 

For example, in general fluorescent observation, in the 
case where only one cell in plural cells cultured in a laboratory 
dish is to be selected, only part (for instance, area 33a) 
corresponding to the cell is illuminated. However, cells other 
than an observation target cell are irradiated with weak rays . 
of illumination light due to the stray light from the protection 
glass 22 or the gaps. 23. Thus, when the stray light is applied 
for a long time due to a long time observation, cells other than 
the observation target cell may possibly have discoloration or 
may be weakened in some cases. 

Moreover, in the FRAP (Fluorescence Recovery after 
Photobleaching) observation which is means for observing 
substance movement within a cell in such a way as to partially 
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discolor a visual field at the time of fluorescent observation 
and to observe its restoration state, by controlling the DMD 
element 4, discolored area (position, shape, size) is specif ied 
and fluorescence is partially discolored while irradiating the 
rays of illumination light for a fixed time. After that, all 
micromirrors of the range corresponding to the visual field 32 
of the DMD element 4 are turned "ON" to perform fluorescent 
observation, followed by observing diffusion of fluorescent 
color component of periphery to a part discolored. At this time, 
by the influence of the above described rays of stray light, 
discoloration proceeds in the entire specimen because the rays 
of illumination light are irradiated over the whole specimen 
range including a range other than a discoloration range while 
the light source is turned ON. Since rays of illumination light 
discoloring the specimen for the observation having a high 
intensity are applied to a range in which discoloration is 
performed, in some cases, discoloration caused by the stray 
light cannot be ignored even if it is very weak stray light. 
When a range other than the specified range is discolored, 
difference between a discoloration area and a florescent area 
becomes small at the time of performing the fluorescent 
observation of the observation visual field 32 . As a result, 
a contrast is degraded. When the contrast is low in this manner, 
not only is the observation inaccurately performed, but also 
an observation result may not be obtained in some cases. 

In the present embodiment, there is arranged the 
controllable shutter 16 within the illumination light path. By 
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controlling the shutter 16 in conjunction with control of the 
DMD element 4, the rays of illumination light at the time other 
than necessary time are interrupted, so that it becomes possible 
to cut specimen irradiation of the rays of illumination light 
caused by the rays of stray light described above as much as 
possible. 

For instance, one example of a flow of the FRAP observation 
will be shown below. 

• Start observation (switch ON) 

• Close shutter 

• Set to observation method (fluorescence, phase 
difference or the like) capable of confirming required portion 
of object sample (hereinafter, described with case of 
fluorescence) 

• Set specimen 

• Support preparation observation start 

• Turn micromirrors (DMD) full ON 

• Open shutter. 

' Pj-Ck: up image w.ith camera (CC.T) or. the HkgJ 

• Terminate image p-ir-v-np 

• Close shutter 

• Store image 

• Terminate preparation observation 

• Support parameter specification start 

• Display picked-up sample image on monitor (access 

image) 

• Specify area to which rays of illumination light are 



11 



irradiated while confirming the area on the monitor (area 
specification) , plural areas can be" specified 
(Specification method is arbitrary, such as free hand 
specification, or specification performed in every block 
classified before hand) 

• Store specified area in the computer (area storage) 

• Select micromirrors corresponding to discoloration 
irradiation area with the computer while accessing stored data 
(access area) . 

• Select discoloration illumination irradiation time 

• Access, area storage data, specify observation area 

• Specify observation time 

. • Terminate parameter specification ■ 
• Support application start 

• Illuminate for discoloration 

• Output selected discoloration area micromirror to 
drive controller 

• Output selected discoloration illumination 
irradiation time to drive controller 

• Drive controller turns selected micromirror ON 

• Open shutter 

• Irredjate decoloration illiimn nat j r^n 

• Terminate irradiation time 

• Close shutter 
. • Observe elapse 

• Output micromirrors of observation range area to 
drive controller 

12 



• Drive controller turns selected micromirrors ON 

• Open shutter 

" Pick up imagg wi th camera 

' Terminate observation sp e cif j ga£j on time 

• Close shutter 

• Terminate application 

• Remove specimen 

• Terminate observation 

In the above described FRAP observation flowchart, the 
preparation observation and the application, from start due to 
support to termination, automatically flow in accordance with 
software of the computer prepared beforehand. 

Here, the illumination light is irradiated to the 
specimen only during shutter open to shutter close of the 
underlined part, and it is only the minimum time necessary for 
the observation or the like. 

In the case where the shutter does not exist, irradiation 
control of the illumination light is performed in such a way 
as to turn all of the micromirrors of the DMD OFF, and thus 
specimen illumination is not performed by turning all of the 
micromirrors OFF at the time other than irradiation time of the 
underlined part. However, as described above, weak rays of 
illumination light from the protection glass 22 or the 
micromirror gaps 23 are irradiated on the specimen during the 
entire time from specimen setting to specimen removal on the 
above flowchart. In particular, parameter setting time 
necessary for a period from preparation observation to 
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application start depends on human work and takes long. 
Therefore, not only does the specimen suffer from damage by this 
irradiation time, but also there is an influence on S/N ratio 
deterioration in the application in the later time because 
fluorescence discoloration of the entire specimen occurs. 

Further, as the above described flowchart, the 
illumination irradiation time for the specimen can be set to 
its required minimum in such a way that the preparation 
observation and the application observation are controlled so 
as to flow automatically by the software and controlled to be 
linked so as to open the shutter after setting the micromirrors 
of the DMD. 

As described above, according to the present invention, 
since additional illumination irradiation to the specimen 
caused by the rays of stray light can be suppressed as much as 
possible, it becomes possible to perform preferable observation 
with a little discoloration of the specimen while making use 
of a characteristic of the DMD or with a little damage for the 
specimen, and with good contrast. 

In the present embodiment, position of the shutter 16 is 
arranged closer to the light source 1 than the DMD element 4. 
However, as 16' shown by a dotted line, even if the shutter is 
arranged on the illumination optical axis 15 at the side of the 
projection lens 5 from the DMD element 4, there is no problem. 
(Second embodiment) 

FIG. 3 is a view showing a second embodiment, in which 
a configuration having the same function as the first embodiment 
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is indicated by the same number, to omit its description. 

Reference numeral 41 denotes an LED light source in which 
"ON" (lighting) /"OFF" (lights-out) can be performed in high 
speed under the control of an LED drive controller. By 
controlling ON /OFF of the LED 41 in conjunction with control 
of the DMD element 4, the rays of illumination light at the time 
other than necessary time are interrupted, so that it becomes 
possible to cut specimen irradiation of illumination light 
caused by the rays of stray light described above as much as 
possible. 

Like the first embodiment, a description will now be given 
as to a flow of observation when performing FRAP observation 
as follows. 

• Start observation (switch ON) 

• Turn LED light source OFF (confirmation) 

• Set to observation method (fluorescence, phase 
difference or the like) capable of confirming required portion 
of object sample (hereinafter, described with fluorescence) 

• Set. specimen 

• Support preparation observation start 

• Turn micromirrors (DMD) full ON 

• Turn LED light source ON 

' Pick up image with gamerj fccn ^ the 1 -i 

• Terminate image pjck-np 

• Turn LED light source OFF 

• Store image 

• Terminate preparation observation 
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• Support parameter specification start 

• Display picked-up sample image on a monitor (access 

image) 

• Specify area to which rays of illumination light are 
irradiated while confirming the area on the monitor (area 
specification) plural areas can be specified 
(Specification method is arbitrary, such as free hand 
specification, or specification performed in every block 
classified before hand) 

• Store specified area in the computer (area storage) 

• Select micromirrors corresponding to discoloration 
irradiation area with the computer while accessing stored data 
(access area ) 

• Select discoloration illumination irradiation time 

• Access area storage data, and specify observation area 

• Specify observation time 

• Terminate parameter specification 

• Support application start 

• Illuminate for discoloration 

• • Output selected discoloration area of micromirrors 
to drive controller 

• Output selected discoloration illumination, 
irradiation time to drive controller 

• Drive controller turns selected micromirrors ON 

• Turn LED light source ON 

• Irradiate discoloratio n illuminatinn 

• Terminate irra diation tim<* 
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• Turn LED light source OFF 
• Observe elapse 

• Output micromirrors of observation range area to 
drive controller 

• Drive controller turns selected micromirrors ON 

• Turn LED light source ON 

• Pick up imaoe with camprs 

• Terminate observation spacj f i cat j on tlm<=> 

• Turn LED light source OFF 

• Terminate application 

• Remove specimen 

• Terminate observation 

In the above described FRAP observation flowchart, the 
preparation observation and the application, from start by 
support to termination, automatically flow in accordance with 
software of the computer prepared beforehand. 

Here, the rays of illumination light are irradiated only 
during LED light source ON to LED light source OFF of the 
underlined part, and it is only the minimum time necessary for 
the observation or the like. 

Further, as the above-described flowchart, the 
illumination irradiation time for the specimen can be set to 
its required minimum in such a way that the preparation 
observation and the application observation are controlled so 
as to flow automatically by the software and controlled to be 
linked so as to turn the LED light source ON after setting the 
micromirrors of the DMD. 
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As described above, according to the present invention, 
since additional illumination irradiation to the specimen 
caused by the rays of stray light can be suppressed as much as 
possible, it becomes possible to perform preferable observation 
with a little discoloration of the specimen while making use 
of a characteristic of the DMD or with a little damage for the 
specimen, and with good contrast. 

Further, ON/OFF of the LED that is generally possible with 
several hundreds nano seconds order, coupled with high speed 
switching of the DMD that, is possible with several tens nano 
seconds order, makes it possible to switch illumination portion 
with extremely high speed. Therefore, it becomes possible to 
perform observation with little influence of time lag on change 
of the specimen while shifting to elapse observation from the 
discoloration illumination. 
(Third embodiment) 

FIG. 4 is a view showing a third embodiment, in which a 
configuration having the same function and operation as the 
first and second embodiments is indicated by the same number, 
to omit its description. 

Reference numerals 51, 52 denote light sources such as 
mercury lamps. 53, 54 denote collimators . 55, 56 denote 
reflection mirrors. 57, 58 denote excitation filters each of 
which has different characteristic. 59 denotes a reflection 
optical axis at the condition where the micromirrors of the DMD 
element 4 are ON, namely at the condition of 4a. 60 denotes 
a reflection optical axis at the condition where the 
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micromirrors of the DMD element 4 are OFF, namely at the 
condition of 4b. 61, 62 denote high speed shutters capable of 
interrupting the rays of illumination light. 

There will be described operation in the microscope 
constituted as above. 

The rays of light emitted from the light source 51 are 
converged by the collimator 53, selectively transmitted by the 
excitation filter 57 in the case where the shutter 61 is opened, 
and led to the DMD 4 while being reflected by the reflection 
mirror 55. In portions 4a of the state where the micromirrors 
on the DMD 4 are turned ON, the rays of light are led to the 
projection lens 5 while being reflected in the direction of the 
illumination optical axis 15. In portions 4b of the state where 
the micromirrors on the DMD 4 are turned OFF, the rays of light 
are reflected in the direction of a retreating, optical axis, 
and not used as the illumination. Similarly, the rays of light 
emitted from the light source 52 are converged by the collimator 
54, transmitted selectively by the excitation filter 58 when 
the shutter 62 opens, and led to the DMD 4 while being reflected 
by the reflection mirror 56. In portions of the state 4b where 
the micromirrors on the DMD 4 are turned OFF, the rays of light 
are led to the projection lens 5 while being reflected in the 
direction of the illumination optical axis 15. In portions of 
the state 4a where the micromirrors on the DMD 4 are turned ON, 
the rays of light are not used as the illumination while being 
reflected in the direction of the retreating optical axis. 

Here, in the FRAP observation described in the first and 
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second embodiments, in order to. perform discoloration in as 
short a time as possible, there is performed increase of energy 
while shortening (for instance using UV) wavelength of the 
illumination used in the discoloration, or increase of energy 
while using a light source with a high output different from 
the light source for the observation. That is, in FIG. 4, the 
light source 51 and the excitation filter 57 are set to the 
characteristic suitable for the observation, while the light 
source 52 and the excitation filter 58 are set to the" 
characteristic suitable for the specimen discoloration. 

In the device set as above, like the first embodiment, 
there will be shown one example of flowchart of the FRAP 
observation. 

• Start observation (switch ON) 

• Close shutters 61, 62 

• Set to observation method (fluorescence, phase 
difference or the like) capable of confirming required portion 
of object sample (hereinafter, described with fluorescence) 

• Set specimen 

• Support preparation observation start 

1 

• Turn micromirrors (DMD) full ON 

• Open shutter 61 

• Pick up image with came r a (CCD or thg 

• Terminate imao e pick-up 

• Close shutter 61 

• Store image 
• Terminate preparation observation 
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• Support parameter specification, start 

• Display picked-up sample image on a monitor (access 

image) 

• Specify area to which rays of illumination light are 
irradiated while confirming the area on the monitor (area 
specification) plural areas can be specified 
(Specification method is arbitrary, such as free hand, 
specification, or specification performed in every block 
classified before hand) 

• Store specified area in the computer (area storage) 

• Select micromirrors corresponding to discoloration 
irradiation area with the computer while accessing stored data 
(access area) . 

• Select discoloration illumination irradiation time 

• Access area storage data, and specify observation area 

• Specify observation time 

• Terminate parameter specification 

• Support application start 

• Illuminate for discoloration 

• Output selected discoloration area of micromirrors 
to drive controller 

• Output selected discoloration illumination 
irradiation time to drive controller 

• Drive controller turns selected micromirror OFF 
(others ON) 

• Open shutter 62 

• Irradiate discoloration m^ naHnn 
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• Terminate irradi ation timp 

• Close shutter 62 
• Observe elapse 

• Output micromirrors of observation range area to 
drive controller 

• Drive controller turns selected micromirrors ON 
(others OFF) 

• Open shutter 61 

• Pick UP - imago with camera 

• Terminate observation s p ecification timp 

• Close, shutter 61 

• Terminate application 

• Remove specimen 

• Terminate observation 

In the above described FRAP observation flowchart, the 
preparation observation and the application, from start due to 
support to termination, automatically flow in accordance with 
software of the computer prepared beforehand. 

Here, the rays of illumination light are irradiated only 
during shutter open to shutter close of the underlined part, 
and it is only the minimum time necessary for the observation 
or the like. 

In the configuration of the present embodiment, when the 
shutters 61 and 62 do not exist, the illumination from either 
one of the light sources is always irradiated to the specimen, 
and thus damage or fluorescence discoloration for the specimen 
cannot be avoided. 
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As described above,, according to the present invention, 
due to different light source or wavelength, it is possible to 
perform efficient illumination while making use of respective 
characteristics, and to suppress additional illumination 
irradiation for the specimen caused by the rays of stray light 
as much as possible. Therefore, it becomes possible to perform 
discoloration for the specimen making use of characteristics 
of the DMD, and to perform preferable observation in which 
damage to the specimen is little, and contrast is good. 

(Modified example 1) 

Although there has been mainly described about FRAP 
observation in the third embodiment, it is, of course, possible 
to perform observation by two-color illumination with 
characteristic of the excitation filters 57, 58 changed. 

At this time, for instance, an arbitrary area 33 
corresponding to a state where the DMD element 4 within the 
visual field 34 of FIG. 2 is turned ON is irradiated by the rays 
of illumination light from the light source 51, while an area 
other than the area 33 corresponding to a state where the DMD 
element 4 is turned OFF is irradiated by the rays of illumination 
light from the light source 52. At this time, it is possible 
to illuminate the area 33 and the area other than the area 33 
with different wavelengths by substituting band pass filters 
with different wavelength bands for the excitation filters 57, 
58. 

In the case of performing observation based on caged 
fluorescent reagent with such configuration, it is possible to 
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observe a state of diffusion without time lag at the same time 
the caged removal is performed, by illuminating the area 33 with 
wavelength of the caged removal, and illuminating the area other 
than the area 33 with wavelength of fluorescent observation 
after removal . 

(Modified example 2) 

Although the light sources 51, 52 and the shutters 61, 
62 are used in the third embodiment, it is possible to obtain 
exactly the same effect as the third embodiment, by substituting 
the LED light source for a half one side of an optical path, 
for instance, the. light source 51 at the side of the optical 
axis 59 to abandon the shutter 61, and by controlling ON/OFF 
of the LED light source instead . of open/close control of the 
shutter 61 . 

Of course, it is also possible to abandon the shutters 
61, 62 by substituting the LED light sources for both the light 
sources 51, 52. 

7. Advantage of the Invention 

Claim 1: embodiment 1 

Claim 2: embodiment 2 

Claim 3 : embodiment 3 
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FIG. 1 
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16. A microscope comprising: 



a light source which illuminates a specimen (page 5, 
lines 1-2; page 6, line 23 to page 7, line 9) ; 

an objective located opposite to the specimen (page 5, lines 
10-11; page 7, lines 9-10; Fig. 1) ; 

a field stop projection lens, located on ah illumination 
axis between' the light source and the objective, to narrow a 
field of view of the specimen (page 5, line 8; Fig. 1) ; 

a digital micromirror device (page 5, line 7) which is 
conjugate with the specimen via the field stop projection lens 
and the objective (page 6, lines 18-20; page 7, lines 16-19; 
claim 1) , and which comprises a plurality of two-dimensionally 
arrayed micromirrors that are individually selectable to be 
turned on so as to reflect light along the illumination axis to 
the specimen (page 5/ line 26 to page 6, line 17; page 6, .line 2 5 
to page 7, line 5; page 7, line 16 to page 8, line 17); 

a reflection mirror which reflects illumination light from 
the light source onto the digital micromirror device (page 6, 
lines 23-25) ; 

a shutter (page 5, lines 17-20; page 10, line 26 to page 1.1, 
line 6; page 14, lines 20-24); 



a dichroic mirror which is located on an observation axis o 
the objective so as to reflect the illumination light emitted 
from the light source onto the objective and to pass observation 
light from the objective (page 5, lines 10 and 14-17; page 7, 
lines 5-16; Fig. 1) ; 

an excitation filter which selectively passes light 
components of the illumination light that are suitable for 
excitation of a fluorescent material in the specimen (page 5, 
lines 8-10; page 7, lines 5-8); 

an absorption filter which selectively absorbs light 
components of the observation light (page 5, lines 11-13; page 7, 
lines 11-13) ; 

a camera located on the observation axis to pick up an 
observation image (page 5, lines 20-21; page 11, line 19; 
page 13, line 3; Pig. 1) • 

a monitor which displays the image picked up by the camera 
(page 5, lines 22-23; page 11, lines 25-26); 

a drive controller which controls the digital micromirror 
device and the shutter (page 5, lines 23-25); and 

a computer (page 5, lines 21-22) which controls the drive 
controller, camera and monitor such that: 

before picking up an image of the specimen, all of the 
micromirrors are turned on while the shutter is closed, and the 
shutter is opened to cause the illumination light to be guided to 
the specimen via the turned-on micromirrors, such that an image 



of a part of the specimen that is located within the field of 
view is picked up by the camera, and wherein the shutter is 
closed after an image pick-up operation of the camera ends 
(page 11, lines 9-21) ; 

the image picked up by the camera is displayed by the 
monitor, an irradiation area to be irradiated with the 
illumination light is specified, and respective ones of the 
micromirrors which correspond to the specified irradiation area 
are specified (page 11, line 24 to page 12, line 9); and 

before picking up an image of the sample again, only 
the specified ones of the micromirrors are turned on while the 
shutter is closed, and the shutter is opened to cause the 
illumination light to be guided to the specimen via the turned-on 
micromirrors, such that another image of the part of the specimen 
that is located within the field of view is picked up by the 
camera, and wherein the shutter is closed after the image pick-up 
operation of the camera ends (page 12, line 15 to page 13, 
line 5) ; 

wherein when the shutter is closed, the shutter prevents 
stray light, from gaps between adjacent ones of the micromirrors, 
from reaching the specimen (page 10, line 26 to page 11, line 7; 
page 8, line 18 to page 10, line 25; page 14, lines 13-19) . 



17. The microscope according to claim 16, wherein the 
shutter is located between the light source and the reflection 
mirror (page 6, lines 23-25; Pig. 1). 

18. The microscope according to claim 16, wherein the 
shutter is located between the digital micromirror device and the 
field stop projection lens (page 14, lines 20-24). 

19. A microscope comprising: 

a light source which illuminates a specimen (page 5, 
lines 1-2; page 6, line 23 to page 7, line 9); 

an objective located opposite to the specimen (page 5, lines 
10-11; page 7, lines 9-10; Fig. 1) ; 

a field stop projection lens, located on an illumination 
axis between the light source and the objective, to narrow a 
field of view of the specimen (page 5, line 8; Fig. l) ; 

a digital micromirror device (page 5, line 7) which is 
conjugate with the specimen via the field stop projection lens 
and the objective (page 6, lines 18-20; page 7, lines 16-19; 
claim 1) , and which comprises a plurality of two-dimensionally 
arrayed micromirrors that are individually selectable to be 
turned on so as to reflect light along the illumination axis to 
the specimen (page 5, line 2 6 to page 6, line 17; page 6, line 25 
to page 7, line 5; page 7, line 16 to page 8, line 17); 



a reflection mirror which reflects illumination light from 
the light source onto the digital micromirror device (page 6, 
lines 23-25) ; 

a shutter (page 5, lines 17-20; page 10, line 26 to page 11, 
line 6; page 14, lines 20-24) ; 

a dichroic mirror, which is located on an observation axis 
of the objective so as to reflect the illumination light emitted 
from the light source onto the objective and to pass observation 
light from the objective (page 5, lines 10 and 14-17; page 7, 
lines 5-16; Fig. 1) ; 

an excitation filter, which selectively passes light 
components of the illumination light that are suitable for 
excitation of a fluorescent material in the specimen (page 5, 
lines 8-10; page 7, lines 5-8); 

an absorption filter which selectively absorbs light 
components of the observation light (page 5, lines 11-13; page 7, 
lines 11-13) ; 

a camera located on the observation axis to pick up an 
observation image (page 5, lines 20-21; page 11, line 19; 
page 13, line 3; Pig. 1) ; 

a. drive controller which controls the digital micromirror 
device and the shutter (page 5, lines 23-25) ; and 



a computer (page 5, lines 21-22) which controls the drive 
controller such that: 

before picking up an image of the specimen, desired 
ones of the micromirrors are turned on while the shutter is 
closed, and the shutter is opened to cause the illumination light 
to be guided to the specimen via the turned-on micromirrors, and 
wherein the shutter is closed after an image pick-up operation of 
the camera ends, (page 12, line 15 to page 13, line 5) so as to 
prevent stray light, from gaps between adjacent ones of the 
micromirrors, from reaching the specimen (page 10, line 2 6 to 
page 11, line 7; page 8, line 18 to page 10, line 25; page 32, 
lines 13-19). 

20. The microscope according to claim 19, wherein the 
shutter is located between the light source and the reflection 
mirror (page 6, lines 23-25; Fig. 1) . 



21. The microscope according to claim 19, wherein the 
shutter is located between the digital micromirror device and the 
field stop projection lens (page 14, lines 20-24) . 



